Abstract This study is aimed to investigate the differentially expressed long non-coding RNAs (lncRNAs) in colorectal cancer and its potential biological function. Colorectal adenoma is the precancerous lesions of colorectal cancer, so in this study, we used colorectal adenoma as negative control. The global lncRNA expression profile in colorectal cancer and adenoma was evaluated by bioinformatics. The biological functions and potential mechanism of AK027294 were investigated in HCT116, HCT8, and SW480 colorectal cancer cells. A total of 135 lncRNAs were found to be differentially expressed in colorectal cancer and adenoma tissues. Among them, 71 lncRNAs were up-regulated and 64 lncRNAs were down-regulated. Especially, AK027294 was found to be highly expressed in colorectal cancer tissues compared with colorectal adenoma tissues (fold change is 184.5). Our results indicated that AK027294 down-regulation significantly inhibited colorectal cancer cells proliferation and migration, but promoted cell apoptosis (P < 0.05). The potential mechanism of AK027294 might be associated with the regulation of caspase-3, caspase-8, Bcl-2, MMP12, MMP9, and TWIST. The lncRNA expression profile in colorectal cancer suggests lncRNAs may play important roles in the occurrence and progression of colorectal cancer. AK027294 is highly expressed in colorectal cancer and closely correlates with colorectal cells proliferation, migration, and apoptosis.
Introduction
Colorectal cancer (CRC) is the third most common cancer in the world, with an estimated incidence of more than one million case [1, 2] . Although the long-term survival rates for patients with early CRC have been improved based on the improvement of diagnosis and treatment, the prognosis of patients with advanced disease remains unsatisfied [3] . Therefore, some specific biomarkers associated with CRC will be potentially helpful for the prognosis of these patients.
Long non-coding RNAs (lncRNAs), sized from 200 nt to 100 kb, is reported to be vital for governing fundamental biological processes, such as cell proliferation, cell migration, cell cycle, and cell apoptosis [4] [5] [6] . However, primary studies reported that lncRNAs were transcriptional Bnoise^without biological functions [7, 8] . Recently, lncRNAs have been reported to be associated with tumor formation and progression [9, 10] . For example, Chung et al. reported that prostate cancer non-coding RNA 1 (PRNCR1) was involved in the occurrence of prostate cancer [11] . Gao LncRNA-HOST2 played a key role in regulating cell biological behaviors in ovarian cancer [12] . In colorectal cancer, novel lncRNA RP11-462C24.1 was found to be lowly expressed and correlated with patients' prognosis [13] . Moreover, Han et al. screened lymph nodes metastasis associated long noncoding RNAs (lncRNAs) by microarray analysis and found that 545 lncRNAs were differentially expressed in metastatic lymph node in comparison with normal lymph node (NLN) [14] . However, potential lncRNAs associated with colorectal cancer has never been reported. In this study, firstly we explored the differentially expressed lncRNAs in colorectal cancer tissue compared with colorectal adenoma tissues by using bioinformatics, then we screened out the most differentially expressed lncRNAs with biggest fold change. After this, we further detected the biological functions and potential mechanism of the screen out lncRNAs, for instance, the effects of the screen out lncRNAs on the proliferation, migration and apoptosis of colorectal adenoma cells. It may provide a promising target gene to prevent the development and progression of colorectal cancer.
Materials and methods

Bioinformatics analysis
We obtained the GSE37364 microarray date from PUBMED GEO Datasets (http://www.ncbi.nlm.nih.gov/geo/query/acc. cgi?acc=GSE37364). GSE37360 microarray information: total RNA was extracted from colonic biopsy samples of histologically negative patients and of patients with adenoma or colorectal cancer and were hybridized on Affymetrix HGU133 Plus 2.0 microarrays. Then 5635 lncRNAs gene expression data were obtained (Supplementary Data 1). The whole genomic microarray analysis was performed in order to identify gene expression profile alterations focusing on the dysplastic adenoma-carcinoma transition. In this study, we used this microarray data to screen out the differentially expressed lncRNAs.
Patients information
In this study, three colorectal cancer tissues and one colorectal adenoma tissue were obtained from Hai Nan Branch of PLA General Hospital, and tqo colorectal adenoma tissues were obtained from Hangzhou cancer hospital. Colorectal cancer tissues were from two males and one female with mean age of 54 years. Adenoma biopsy tissues were from two males and one female with mean age of 55 years. Wound healing assays HCT116 cells were cultured in 6-well plates and transfected with different oligonucleotides. When growing to about confluent of 90 %, cells were scratched by a sterile 10 μl pipette tip and incubated in a humidified incubator with 5 % CO 2 atmosphere at 37°C. Then the open wound area was measured at 0 and 24 h. The experiments were repeated for three times.
RT-PCR
Transwell invasion assay
After transfection at 24 h, cells (2 × 10 5 ) in 100 μl of serumfree DMEM were cultured in 8-μm culture inserts. Then, the lower chamber of the culture inserts was filled with 20 % FBS-DMEM. Cells were cultured for 24 h, fixed with methanol for 30 min, and stained with hematoxylin for 20 min. Finally, migrated cells were counted in five random fields under an inverted microscope (×20).
CCK-8 assay
About 2 × 10 3 cells were plated in 96-well plates. Cell proliferation was evaluated using Cell Counting Kit-8 (KeyGEN biotech, Nanjing, China) in accordance with the manufacturer's instructions. The cell proliferation curves were plotted by the absorbance values at different time point. All experiments were performed for three times.
Western blotting
Total protein was collected using a lysis buffer and quantified by bicinchoninic acid (BCA) method. Cell lysates were separated using 10 % SDS-PAGE and transferred to the polyvinylidene difluoride membrane. The membranes were immersed into PBST solution supplemented with 5 % non-fat milk for 2 h. Then, the membranes were incubated with antibody-caspase 3 (dilution 1:200; Santa Cruz, CA), antibody-caspase 8 (dilution 1:200; Santa Cruz, CA), antibody-Bcl2 (dilution 1:200; Santa Cruz, CA), antibody-TWIST1 (dilution 1:500; Santa Cruz, CA), and antibody-GAPDH,(dilution 1:1000; Santa Cruz, CA), respectively, at 4°C overnight. All membranes were incubated with appropriate second antibodyat room temperature for 1 h and visualized by enhanced chemiluminescence (PierceBiotechnology, Inc).
Apoptosis analysis by flow cytometry
Cells (1 × 10 5 ) were collected by using Trypsin-EDTA and washed with PBS. Then, cells were centrifugated and incubated with propidium iodide (PI; Sigma, USA) and annexin V-FITC (KeyGEN biotech, Nanjing, China) for 15 min at room temperature. Then, cell apoptosis was assessed by flow cytometry. Each test was repeated three times.
Statistical analysis
All statistical analyses were performed by using SPSS19.0. Independent-sample t test was used to compare the difference between two groups. P < 0.05 was considered to be statistically significant. And the significance level was defined as *P < 0.05, **P < 0.01, and ***P < 0.001.
Results
LncRNA expression profiles in colorectal cancer and adenoma tissues When the adjusted P value was less than 0.01 and the fold change ≥2 in colorectal cancer tissues compared with adenoma tissues, it will be regarded as differentially expressed lncRNAs. A total of 135 lncRNAs were found to be significantly differentially expressed in colorectal cancer tissues compared with adenoma tissues. Among them, 71 lncRNAs were up-regulated and 64 lncRNAs were down-regulated in colorectal cancer (Supplementary data 2) . The top 10 differentially expressed lncRNAs in colorectal cancer tissues were AK027294, AK001058, AK025818, AK094088, BC137325, CR749831, AK000106, AB002438, AJ420553, and AK023519, respectively ( Fig. 1a; Table 1 ). Furthermore, the Human CRC cell lines HCT116, HCT8, and SW480 was acquired from the American Type Culture Collection (ATCC) and cultured in Dulbecco's modified Eagle's medium (DMEM) supplemented with 5 % fetal bovine serum (FBS) in a humidified incubator with 5 % CO 2 atmosphere at 37°C. most differentially expressed lncRNA is AK027294 (fold change = 184.5). Then, we verified the expression of these lncRNAs in vivo; the colorectal cancer tissues and colorectal adenoma tissues were obtained from patients and used to extract RNA to perform RT-PCR. As shown in Fig. 1b , although the expression of AK023519 and BC137325 were different with the bioinformatics analysis, the expression of AK027294 was still highest. In addition, according to the enrichment of signaling pathways, we found that AK027294 was correlated with DNA replication and cycle process in colorectal cancer (Table 2 ; Fig. 2 ), suggesting that AK027294 might play an important role in biological function of colorectal cancer cells.
AK027294 down-regulation inhibited the proliferation of colorectal cancer cells
LncRNA microarray assay and gene enrichment analysis suggested that AK027294 was involved in cell cycle process and DNA replication, suggesting that AK027294 might be correlated with cell proliferation and apoptosis. In order to validate the observations, we knocked down the expression of AK027294 in HCT116 colorectal cancer cell line by three specific siRNAs for AK027294. The results were shown in Fig. 3a , indicating different degrees of reduction in the AK027294 expression in AK027294 siRNA-transfected cells (Fig. 3a) . CCK-8 assay revealed that when AK027294 expression was down-regulated, the proliferation of HCT116 cells was significantly inhibited compared with negative control siRNA-treated group (Fig. 3b) . Furthermore, we also verified this result in HCT8 and SW480 cells. We found that the proliferation of HCT8 cells (Fig. S1a) and SW480 (Fig. S1b ) treated with these siRNAs was dramatically decreased than control group. These results were consistent with HCT116 cells' results, and these results revealed that the down- regulation of AK027294 was able to inhibit the proliferation of colorectal cancer cells.
AK027294 down-regulation promoted the apoptosis of colorectal cancer cell
Then, we evaluated the effects of AK027294 expression on HCT116 cells' apoptosis by flow cytometry. As shown in Fig. 3c , when AK027294 expression was knocked down by different siRNAs, cell apoptosis rates (8.96-11.14 %) were markedly increased compared with negative control siRNAtreated group (2.13 %). To explore the potential mechanism of AK027294-regulated HCT116 cells' apoptosis, we detected the expression of caspase 3, caspase 8, and Bcl-2 by Western blot. The results revealed that the expression of caspase-3 and caspase-8 were enhanced in HCT116 cells with the treatment of AK027294 siRNA compared with control group. In contrast, the expression of Bcl-2 was gradually decreased in HCT116 cells treated with siRNA (Fig. 3d) . Moreover, similar results can be seen in HCT8 cells (Fig. S2a ) and SW480 cells (Fig. S2b) . These results indicated that the down-regulation of AK027294 can promote the apoptosis of colorectal cancer cells. transwell assay, respectively. In comparison with negative control siRNA-treated group, wound healing assay exhibited that the ability of cell migration was significantly inhibited when the expression of AK027294 was silenced by the three siRNAs (Fig. 4a) . Meanwhile, Transwell assay showed that when the expression of AK027294 was down-regulated, migrated cells were significantly reduced than those in negative control siRNA (Fig. 4b) . Moreover, in order to explore the possible mechanism of AK027294 associated with cell migration, we tested the expression of MMP12 and MMP9 in HCT116 cells treated by siRNAs by Western blot. The results demonstrated that AK027294 down-regulation induced the different degree decrease of MMP12 and MMP9 (Fig. 4c) . Additionally, the expression of MMP12, MMP9 in HCT8 (Fig. S3a) , and SW480 (Fig. S3b ) cells was declined when these cells were treated with siRNA. Furthermore, we also detected the expression of TWIST1 by qRT-PCR and Western blot, respectively. Results showed that TWIST1 mRNA and protein levels were apparently down-regulated when AK027294 was knocked down by siRNA2 and siRNA3 than those in control groups (Fig. 4c, d) .
Discussion
Recent studies have demonstrated that lncRNAs are linked to the formation and progression of CRC [13] [14] [15] [16] . However, potential lncRNAs related to both colorectal cancer and colorectal adenoma have not been reported. In this study, we screened lncRNA expression profiles in colorectal cancer and adenoma tissues by LncRNA microarray assay. The results revealed that a total of 135 lncRNAs were differently expressed in colorectal cancer and adenoma tissues. It is well known that most colorectal cancers (CRC) arise from colorectal adenomas [17, 18] . Thus, our results revealed that 135 lncRNAs might be potential biomarkers associated with the formation of CRC. According to the data, we found that 71 and 64 lncRNAs were up-regulated and down-regulated in colorectal cancer, respectively. Then, we focused on AK027294 lncRNA, which was found to be correlated with DNA replication and cycle process in colorectal cancer by the enrichment of signaling pathways. AK027294 lncRNA, a novel molecular, was found to be evidently higher in colorectal cancer than that in colorectal adenoma. Although enrichment of signaling pathways demonstrated that AK027294 was correlated with DNA replication and cycle process, its potential functions remained elusive. Thus, we investigated the biological function of AK027294 in colorectal cancer cells. Results showed that the down-regulation of AK027294 was able to inhibit proliferation and migration of colorectal cells, and promote apoptosis in colorectal cancer. Howerver, the mechanism of AK027294 was little to be known. It is well known the activation of caspase 3 and caspase 8 is responsible for cell apoptosis [19, 20] . Bcl-2, an anti-apoptotic gene, is reported to be correlated with cell apoptosis and proliferation [21, 22] . Thus, we detected the expression of caspase 3, caspase 8, and BCL-2, when AK027294 expression was significantly knocked down in colorectal cancer cells. The current results revealed that downregulation of AK027294 in colorectal cells induced the increase of caspase 3 and caspase 8 expression but resulted in the decrease of BCL-2 expression in colorectal cancer cells, indicating that AK027294 affected cell apoptosis and proliferation via regulating the expression of caspase 3, caspase 8, and Bcl-2. In addition, it is well known that both MMP9 and MMP12 are involved in the process of cell migration [23, 24] . TWIST1 is frequently reported to be highly expressed in colorectal cancer and is correlated with tumor formation and progression [25, 26] . While the relationships between AK027294 and MMP9, MMP12, and TWIST1 in cell migration remain unknown. Thus, we detected the expression of MMP9, MMP12, and TWIST1 in colorectal cancer cells. The results showed that MMP9, MMP12, and TWIST1 were down-regulated when AK027294 expression in colorectal cells was knocked down. These results indicated that the effect of AK027294 downregulation on cell migration was correlated with MMP9, MMP12, and TWIST1.
Conclusions
In summary, we screen a lncRNA expression profile associated with colorectal cancer and colorectal adenoma. AK027294 is confirmed to be a novel lncRNA, which is correlated with cell proliferation, migration, and apoptosis in colorectal cancer cells. Our findings suggest that AK027294 may play an important role in colorectal occurrence and progression and may be a potential target to prevent progression of colorectal cancer. As this study is the first to report the biological functions of AK027294, further detailed and in-depth investigations are needed to validate our observations.
